INTRODUCTION {#sec1-1}
============

Endodontic microsurgery has surpassed the success rates for traditional endodontic surgical procedures.\[[@ref1][@ref2][@ref3]\] Kim and Kratchman have published an exhaustive review of endodontic microsurgery, quoting excellent healing rates for isolated endodontic lesions. They commented that the true challenge now is the combined endodontic-periodontal defects. The predictable and successful management of these cases requires not only endodontic microsurgical techniques but also concurrent bone grafting and membrane barriers techniques.\[[@ref4]\] Despite quoted obstacles such as restricted field and depth, loss of visual reference points, accentuated physiologic tremor, extra time needed to develop experienced team, steep learning curve and expenses; periodontal microsurgery has also evolved significantly.\[[@ref5]\] Microsurgical accurate incisions, gentle reflections, primary closures using papilla preservation flaps, precise flap approximations through micro suturing, root surface conditioning, root surface treatment, and improved root planning and scaling have been able to obtain better results than traditional attempts at periodontal GTR therapy.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12]\] Recently, a treatment algorithm for management of combined defects has been defined.\[[@ref13]\] These advances should provide a better prognosis for the endodontic microsurgery of the combined lesion. This paper will briefly review the combined endodontic-periodontal defect from a clinical perspective, providing pertinent information on the disease, its treatment strategy, prognostic factors, regenerative tools, microsurgical recommendations, and prognosis.

THE COMBINED LESION {#sec1-2}
===================

The endodontic-periodontal lesion may exist separately on the same tooth and then unite together (true combined lesion), or it may be primarily endodontic or periodontal with secondary involvement of the other.

In critical appraisal of the disease condition, Rotstein and Simon implicated living pathogens (bacteria, fungi, viruses, and infectious biofilms) and non-living pathogens (foreign bodies, HERS cells, cholesterol crystals, Russell bodies, Rushton hyaline bodies, Charcot Leyden crystals) as the etiologic factors. Contributing factors such as inadequate root canal treatment, coronal leakage, trauma, perforation, fractures, root resorption, and dental malformations (for example, palatogingival groove) were also identified.\[[@ref14]\]

Classifications {#sec2-1}
---------------

The following serve as useful guides for pre-emption of case-specific treatment options, prognosis and effective management.

By Kim and Kratchman.\[[@ref4]\]

Absence of periradicular lesion, no mobility, normal pocket depth, but unresolved symptoms after non-surgical therapies have been exhausted.Presence of a small periradicular lesion in the apical quarter, clinical symptoms such as discomfort/sensitivity to percussion as sinus tract, normal periodontal probing depths, and no mobility.Large periradicular lesions progressing coronally but without periodontal pockets and/or mobility.Clinically similar to those in class C but with periodontal pockets \>4 mm, and no communication of the pocket and the endodontic lesion.Deep periradicular lesions with endodontic-periodontal communication to the apex, but no obvious fracture.Apical lesion and complete denudement of the buccal plate but no mobility.

By Enrique Merino\[[@ref15]\]

Large bone defects (LBD).Through and through defects (TTD).Apicomarginal bone defects (AMBD).Lateromarginal bone defect (LMBD).

Management {#sec2-2}
----------

After reviewing 26 case reports, demonstrating successful management of the endodontic-periodontal lesions with concomitant regenerative procedures, a four-phase treatment strategy for the combined lesion has been outlined by Oh *et al*.\[[@ref13]\]

Within their treatment algorithm framework and guidelines, useful suggestions of other authors are discussed herewith. In addition, if the patients presents with an emergency (endodontic/periodontal), the emergency is treated first.\[[@ref16]\]

Presurgical assessment {#sec2-3}
----------------------

The clinician should be mindful of the ability of combined endodontic-periodontal problem to get referred to other teeth.\[[@ref17]\] Thorough case history, clinical examination, and additional tests are done to diagnose effectively.\[[@ref14][@ref18]\]

Most common clinical/radiographic features of endodontic-periodontal lesions were reported as periapical radiolucency, non-vital pulp status, deep pocket depths, and minimal mobility.\[[@ref13]\]

Need to verify non-vital pulp status, extent of periodontal destruction, coronal restoration, presence of traumatic occlusion, and vertical root fracture (VRF) \[[Figure 1](#F1){ref-type="fig"}\].

![Apicomarginal defect associated with VRF](JCD-17-510-g001){#F1}

A distinction should be made between the histological and the clinical pocket depth. Tissue swelling or inflammation can lead to overestimation of pocket. A presurgical plaque control and 0.2% chlorhexidine rinse twice daily, started one week prior and continued for two weeks after the surgery helps to prevent this whilst improving healing.\[[@ref19]\] Case-based splinting for teeth with mobility should be applied. Mobility may be caused by periodontal inflammation, loss of periodontal attachment, and functional or parafunctional forces on teeth. Occlusal therapy is undertaken to correct problems related to occlusal trauma. Temporary, provisional, or permanent, fixed or removable splints may be used to stabilize mobile teeth during surgical, especially in the regenerative phase.\[[@ref20]\]

Bone defect morphology and VRF is better diagnosed with CBCT. Mandibular second molars and maxillary first molars and premolars are more susceptible to VRF.\[[@ref21]\] Moule and Kahler have given a comprehensive diagnostic work-up for VRF.\[[@ref22]\]

Prognosis of regenerative procedure should be determined.

The defect, patient, and surgery-specific factors associated with favorable periodontal regeneration are listed below.\[[@ref23]\]

### Defects {#sec3-1}

Deep, narrow, vertical, three wall defects with no/minimal furcation involvement, adequate tissue thickness (\>1.1 mm) and keratinization (2 mm).

### Patients {#sec3-2}

With good systemic health, stable occlusion, good oral hygiene/compliance.

### Surgery {#sec3-3}

With properly designed atraumatic incision, primary closure, passive flap tension, no membrane exposure, non-disrupted wound, and sterile surgery.

The prognosis of apicomarginal defect has been reported to improve with better crown-root ratio, smaller width of dehiscence at the bone crest, and root in-housed between proximal bone margins.\[[@ref15]\]

When periodontal lesions are chronic, with extensive loss of attachment, prognosis is poor or hopeless. Root amputation, hemisection, or bicuspidization may allow a part of tooth to be salvaged.\[[@ref18]\] However, others claim that teeth with advanced loss may be retained through active maintenance, considering genetic, systemic, or personal risk factors and avoiding biomechanical and technical complications. It was noted that endodontically treated teeth fractured more frequently, particularly in the case of cantilever abutments. Selecting suitable post, conserving tooth structure, and providing ferrule and non-aggressive tooth cleaning protects against fracture.\[[@ref24]\]

Sex (female), tooth position (anterior), and root end filling material (MTA and Super EBA) were found to have a positive outcome in a prospective study including endodontic-periodontal lesions.\[[@ref25]\]

Surgeon\'s skill has also been considered important.\[[@ref7][@ref15]\]

Patient\'s financial commitment and esthetic demands are assessed. Possible soft tissue sequelae-like recession and scarring should be explained.\[[@ref26]\] The better scenario is for clinician and patient to share decision-making and weighing relative benefits, risks, and costs of two or more acceptable outcomes.\[[@ref15]\]

Endodontic phase {#sec2-4}
----------------

If prognosis for regeneration is favorable, root canal therapy follows. Combined lesion, either primary periodontal or primary endodontic in origin, has been shown to benefit from performing root canal treatment prior to regenerative periodontal treatment.\[[@ref14][@ref27]\] Pulpal infection may promote marginal epithelial downgrowth along a denuded dentin surface\[[@ref28]\] or external root resorption due to possible cementum removal during periodontal treatment.\[[@ref16]\] For primary endodontic lesion with secondary periodontal involvement, post-endodontic healing is evaluated after two to three months and only then periodontal treatment is considered. This sequence of treatment allows sufficient time for initial tissue healing, better assessment of the periodontal condition, and less potential risk of introducing bacteria and their by-products.\[[@ref14]\]

Non-surgical retreatment has been shown to offer a more favorable long-term outcome as compared with endodontic surgery.\[[@ref29]\] In lateral canal-based failures, if re-treatment is feasible, then a continuous ultrasonic irrigation protocol may be used for effective debridement.\[[@ref30]\] Prognosis of root perforations would depend on the size, location, time of diagnosis and treatment, degree of periodontal damage as well as the sealing ability and biocompatibility of the repair material.\[[@ref15]\]

It is advised to contain root fillings until level of marginal bone and extend coronal fillings until root fillings.\[[@ref31]\]

Unsatisfactory healing after RCT is managed with root end surgery, root resection, or extraction.\[[@ref18]\] After successful root canal therapy, mobility is reassessed to determine need for splinting.

Periodontal surgical phase {#sec2-5}
--------------------------

### Membrane and grafting considerations {#sec3-4}

Regeneration of periapical tissues after severe injury or periapical surgery requires recruitment/differentiation of progenitor stem cells into periapical tissue committed cells, growth/differentiation factors, and local microenvironmental cues. All these factors have to work together at the right time, space, and concentration to reconstitute the architecture and functions of the damaged periapical tissues. Ability of bone graft to induce new bone is well documented, but PDL and cementum regeneration have not been shown to benefit from bone grafting.\[[@ref32]\] Bhatushski and Wang provided an in-depth review of the available bone replacement grafts and occlusive barrier membranes. They outlined the most common methods used to obtain regeneration, i.e., bone replacement grafts (auto grafts, allografts, alloplasts, xenografts), barrier membranes (non-absorbable, absorbable of natural or synthetic type), and host-modulating agents (PRF, PRP, PDGF, PTH, EMD, BMPs, etc). They commented that although regenerative therapies have great potential, they remain unpredictable in their ability to produce acceptable outcomes consistently in all situations.\[[@ref23]\]

Barring autogenous, bone grafts are foreign to the host\'s tissue and can result in delayed healing or foreign body reaction. Biologically, a blood clot is a better space filler and ECM than all bone-grafting materials.\[[@ref33]\]

PRP, platelet-rich fibrin membrane, and platelet-rich growth factors are emerging autologous grafts that might be used with xenograft or alloplast, without a membrane.\[[@ref34][@ref35][@ref36][@ref37]\]

Wang and Boyapati proposed the PASS principle to identify critical requirements for predictable bone regeneration: Primary wound closure, angiogenesis as a source of blood supply and undifferentiated mesenchymal cells, space maintenance, and stability of the wound.\[[@ref38]\] Rigid membranes, tenting screw, or host bone may provide space maintenance for the regenerating tissue.

Resorbable membranes score over non-resorbables in having less exposure and may remain in place despite exposure.\[[@ref39]\] Bioresorbable membrane and alloplastic grafts have shown to have high success rates for healing of apicomarginal defects.\[[@ref39][@ref40][@ref41][@ref42][@ref43]\]

Some clinicians may place a barrier for LBD and TTBD categories but it actually may prevent the osteoprogenitor cells from periosteum from proliferating into the wound. In addition, if there is no periodontal involvement, the gingivomucosal cells will not proliferate into the apical defect.\[[@ref32]\] LBD (\>10 mm) and TTBD have been shown to benefit from GTR therapy.\[[@ref42][@ref43]\] For TTBD, two resorbable membranes alone/graft filler alone/both together has also been suggested.\[[@ref28]\]

If the buccal dehiscence is a naturally occurring one, a fibrous connective tissue attachment is present between the root surface and the mucosa, and would not require a membrane.\[[@ref24]\] In managing in-housed apicomarginal bone defects, the periapical area does not require any graft and can regenerate by itself; for the cervical area, the gold standard technique would be to use autologous bone chips in conjunction with non-resorbable membrane. For out-housed AMBD, inner layer of autologous bone graft and outer layer of non-resorbable bone graft covered with non-resorbable membrane are recommended.\[[@ref44]\]

For marginal periodontal defects, for non-contained shallow defects, membrane + graft + EMD + coronally placed flap will be required, it narrows down to membrane + EMD ± coronally placed flap for non-contained moderate -- deep defects, finally for deep well-contained defects, EMD alone ± coronally advanced flap has been indicated.\[[@ref45]\]

### Root surface treatment {#sec3-5}

In case of a developmental malformation such as a palatal groove, saucerization is done for shallow defects (restricted to coronal portion) whilst deeper invaginated grooves are restored. Restoration may be accomplished by GIC or composite after conditioning of the groove with acid.

Trials evaluating minimally invasive surgery, using microsurgical access flap with EMD application reported predictable regeneration for intrabony periodontal defects.\[[@ref7][@ref8][@ref9][@ref10][@ref11]\] Conversely, it was found that minimally invasive surgical technique for treatment of intrabony defects was as effective alone as with EMD.\[[@ref12]\]

*Root surface conditioning* prior to EMD placement/regenerative grafting is done with neutral 24% EDTA gel for two minutes or 250 mg tetracycline HCL capsule diluted with saline, for 3 minutes.\[[@ref46]\]

### Microsurgical recommendations {#sec3-6}

### Anesthesia {#sec3-7}

For adequate vasoconstriction and hemostasis, a 15-minute wait post injection is necessary.\[[@ref15]\] In addition, profoundity of anesthesia should be ensured before operating, since tachyphylaxis may prevent effective anesthesia after patient is already experiencing pain.\[[@ref47]\]

### Magnification {#sec3-8}

Low magnification (×3-×8) is suggested for orientation to surgical field, osteotomy, alignment of tips, retropreparation, and suturing. Midrange magnification (×8-×16) is used for most procedures including hemostasis, removal of granulation tissue, detection of root tips, apicoetomy, rinsing, drying, retropreparation, and obturation. High magnification (×16-×30) is used to inspect resected root surface for details such as isthmus, cracks, and inspection prior to suturing.\[[@ref15]\]

### Micro instruments {#sec3-9}

Microsurgical instruments of 15 cm length and circular cross section are used to aid grasp, smooth rotation, and precision. Periodontal microsurgery uses needles of a fine-gauge material that are small to very small. The needle holder must be appropriately sized for the needle and suture selected.\[[@ref5][@ref6]\] For atraumatic retraction, retractors should be adequately wide (15 mm), thin (0.5 mm), serrated, and preferably contoured to cortex bone shapes.\[[@ref15]\]

For obtaining intraoral graft, a bone mill, scraper, and trephine are essential. Intraoral harvesting sites are extraction sockets, edentulous ridges, ramus, symphysis, tuberosity, and buccal plate. Larger grafts are harvested from iliac crest or tibia.\[[@ref23]\] Titanium tags serve well to fix the membranes.

### Operator positioning {#sec3-10}

The surgeon\'s hand should directly or indirectly rest on an immovable surface to prevent physiologic tremor. Only the fingertips move.\[[@ref5]\]

### Patient positioning {#sec3-11}

Hands-free fine focus may be achieved with the operator knee adjustment under patient\'s headrest. When working in the anterior region, the patient\'s head should be tilted up or down to allow for straight-line access through the microscope. For mandibular molars, the patient closing in a slightly class III occlusion, brings the buccal surface out for better vision.\[[@ref48]\] For maxillary posterior teeth, the patient can be tilting or lying on the opposite side with the mandible excursive on the same side; for mandibular right posterior teeth, the patient is facing slightly to the right, and for left mandibular posterior teeth, the patient lies on the right side with the head turned up.\[[@ref15]\]

### Raising the flap {#sec3-12}

With the pencil hold on scalpel, sharp complete incision should be made at 90 degrees to the tissue and bone.\[[@ref9]\] In cases where the submucosa of the flap is joined to granulation tissue of the bone lesion without a periosteum, a blade is used to resect and obtain reflection. For harvesting autologous graft and passive graft submerging, the flap should be longer than usual.

*A microsurgical, papilla-preserving flap (PPF)* is highly recommended for the defect-associated papilla. In this technique, the horizontal incision of the flap is at the base of the papilla on the lingual aspect of the interproximal space and thus mobilizes the lingual and buccal papilla to the buccal. This allows the membrane and graft to be completely submerged and achieve primary closure. The simplified PPF or modified PPF are used for interdental spaces having width of less than two mm or more, respectively. Use of internal mattress sutures provides primary passive suturing of the reflected papilla.\[[@ref7]\]

Remainder flap may be a papilla base flap with case specific vertical releasing incisions\[[@ref19][@ref49]\] Most periodontal microsurgical suturing is done with sutures ranging in size from 6-0 to 9-0. Until 6-0, monofilament non-resorbable sutures may be too sharp-ended and may tear flap. This is avoided from 7-0 size onwards.

Atraumatic tissue reflection and keeping reflected tissue moist aids recession-free healing. The elevation procedure should always begin from the release incision, as the surgeon first mobilizes the alveolar area. Scaling of root attached tissue and tissue tags on the cortical bone should be avoided to allow rapid reattachment and protection against bone resorption.\[[@ref19]\] The reflected flap can be atraumatically retracted by either suturing it, placing gauze between it and the retractor, or cutting groove into the bone to rest the retractor.\[[@ref26]\]

### Osteotomy {#sec3-13}

If needed, a 5-mm osteotomy over the root apex is sufficient. If the canal cleanliness is suspect, retrocavity should be prepared up to all the negotiable canal length with ultrasonic files. This will require larger osteotomy than 5 mm. Using a trephine will help provide autologous bone for grafting.\[[@ref15]\]

*Hemostasis* is obtained by curettage first and then in small defects with epinephrine pellets or ferric sulphate. Large defects benefit from calcium sulphate.\[[@ref15]\] Root surface is scaled and planed under magnification for superior debridement,\[[@ref6]\] prior to root resection.

### Inspection {#sec3-14}

One percent methylene blue is applied on the exposed root surface and resected root end with microbrush for 10-15 seconds and then rinsed away with saline. Inspection is done at ×26 for fractures, root resection (complete outline), and anatomical details (isthmus, extra canals). Thin ultrasonic tips should be used, with light touch and copious irrigation.\[[@ref50]\]

For *retrofilling*, MTA is material of choice, followed by super EBA (easier and faster). In large defects or strips, IRM is used (longer setting time). MTA may be placed in a liquid form inside the retrocavity with the tip of fine instrument, with the instrument moving up and down throughout the filling. A dry paper point then removes excess moisture, and a wet paper point removes MTA from the root end. If roots are excessively thin, retropreparation is not done and composite cap is recommended.\[[@ref15]\]

Sutured flap is tested by movement of lips and cheeks if gaps are evident; they are closed with interrupted suture. If there is tension in reapproximating flap, releasing incision should be carried further apically.

Post-surgically, antibiotics are prescribed;\[[@ref43]\] 0.12% chlorhexidine mouth rinsing thrice a day and weekly prophylaxis is prescribed. Patients are requested to avoid brushing, flossing, and chewing in the treated area for periods of three to four weeks. Thereafter, patients will resume full oral hygiene. After this, a three-month recall is scheduled.\[[@ref7]\]

A post-GTR reevaluation phase {#sec2-6}
-----------------------------

In cases with persistent pockets after GTR therapy, a second GTR procedure may be considered.\[[@ref13]\]

Outcome studies {#sec2-7}
---------------

Many case reports using GTR for combined lesions have reported a favorable outcome.\[[@ref13][@ref51][@ref52][@ref53][@ref54][@ref55][@ref56]\] Systematic reviews on outcome of endodontic microsurgeries usually exclude endodontic-periodontal combined lesion cases.\[[@ref1][@ref2]\] In evaluating combined lesions, evidence suggests that most case failures happen in the first year, and there is little change in status after that.\[[@ref57][@ref58]\] PubMed and EBSCO databases were searched using the following strategy: ("endodontic microsurgery" OR "endodontic surgery" OR "apical surgery" OR microsurgery OR "periapical surgery" OR "periradicular surgery" OR "root end surgery" OR apicoe\*) AND ("GTR" OR regeneration\* OR endo perio OR endo perio lesion OR "combined endo perio lesion" OR apicomarginal OR perio endo OR "perio endo lesion") AND (study OR outcome OR success OR healing). Search limitations of English, humans, and dental journals were applied. Articles were further scanned for references of relevant studies. Only three clinical studies with minimum follow up of one year were found, which had used microsurgery with regenerative techniques. In these three studies, factors affecting prognosis such as the dimensions of buccal defect, root housed within or outside bone, crown root ratio, and mobility\[[@ref15]\] were not defined; and papilla preservation flap, root surface conditioning, or treatment were not used. They reported a success rate of 77.5-89%, and are described below. This is far removed from the traditional hopeless category allotted to the combined lesions.

Kim *et al*. noted a 77.5% successful outcome for combined endodontic-periodontal lesions at five-year observation period. They excluded teeth with class II or greater mobility, horizontal, and vertical fractures, and perforations. Class F lesions received calcium sulphate graft for periradicular bone defects and denuded buccal root surface was covered with a resorbable membrane.\[[@ref57]\]The successful cases of the above study were further followed up for duration of six to ten years. The loss of follow up, specifically for endo-perio cases, was not reported. Among the 23 cases of combined lesion that reported for follow up, only one case had failed. The authors recommended further long-term studies with larger sample size to assess the prognosis for combined lesion.\[[@ref58]\]Goyal *et al*. studied 30 teeth with apicomarginal defects for one year and found healing between groups to be 80-88.89%. They concluded that application of PRP to these defects is a viable alternative to using a GTR membrane.\[[@ref34]\]A double-blind randomized clinical trial recorded similar healing results for periosteal sliding graft or a bioresorbable membrane, applied for apicomarginal defects with suppurative chronic apical periodontitis. Chronic generalized periodontitis, vertical root fractures, and advanced root resorption cases were excluded. After one year, 26 out of the 30 patients treated had completely or incompletely healed, two had uncertain healing, and two failed.\[[@ref59]\]

CONCLUSION {#sec1-3}
==========

The very few studies, which have applied microsurgery and GTR to carefully selected combined lesion cases, have reported a success rate of 77.5-89%. This is far-removed from the traditional hopeless category allotted to the combined lesions.

Integration with periodontal microsurgical techniques such as primary flap closures over grafted sites using papilla preservation flaps, precise flap approximations through micro suturing, root surface conditioning, and root surface treatment should help enhance these outcomes. There is a need for more such studies in this area and a need for sub-classifying the combined lesion in terms of factors such as crown root ratio, width of defect crestally, root housing in bone, and mobility to enable comparability of results.
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